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III pat(c[a tccogr)itiol)  and classification fbr spatio-tc.lnpmal  ploblcins,  cm of the most cballcngiap, tasks is
to provide a goocl and valid solution ia real-time. IIccaasc  of titnc cmlstraints,  sclflw’are-based ncwral  network
appronclm  may not bc suitable for practical USC. llardwatc  solutiotls scctn to bc p,ood candidates fcM this class of
lnoblcms, Cmently, tlm three l)imcnsicmal Analop,  Ncwral Network (3-1 )ANN) [ 1 ] is aa cfllcicrlt appmac.b 10 solve
s])atio-tcnlpola] ploblcms it) three dimensional hardware..

CIIIP  64
\

‘1’hc 3-I)ANN [ 1 ] consists of an II< focal plal]c, a 3-l)imcmi(mal  NCWIal Col)ditio~lia:, h40clalc (3-l  lN(~M)
block, and a 3-Ilimc]lsional  Ncara] Ploccssing  Module (3-1 )NI)M) block (SCC.  l;i$,alc 1 ) ‘1’hc II{ focal plane rcc.civcs
a contiguous imap,c,  and is opcratccl  at low tctnpcratmc (77K)  in order to rcciucc noise. ‘1’hc fall (itx(ii analog, irnap,e
output of the 1}{ focal plaac is fcci to the 3-I)NCh4 wllicb  bcbavcs  as a spatial filter, filtcrinp,  all urmccmsary
infer-rna[iorl. ‘1’bc output oftbc 3-I)NCM is a fally parallel 64x64 analop, allay  p]oviditlg, a clcancr  ilnagc to the next
slap,c.  ‘1’lm 3-l JNI)M rcccivcs this irnar,c for fmthel prowssir)p, to obtriirl a cicsirc(i  solutiorl

“1’IIc 3-l)NI’M corltains 64 stacked chips which fbrm a cube. liach chip Ilas a 64x64 ar[ay of 8-bit synapses,
all(i is ab]c 10 Imrfol”m a fll]iy para]]c] rnultip]icatiorl  bctwccr] 6 4  ana]og  vo]tagc irl~mts anti 64 columr)s of t h e
synaptic at lay (cacl] collllnrl  contains 64 sy]lapscx).  111 aciciition, e a c h  coiumn is Salllalc,d togct}lcr to obtaia 64
summa(ion liacs florn e.acil chip. l;ur{hcrmorc,  these Iilics atc cormectc(i witl]  their coalltcrparh  florn tbc other chips



to provide 64 final cwicnt outputs. IIIC 64 cortcspoadinf, coluttms  moss sill 64 chips combim  to f(min 64 templates
(c.~,. colulnn 1 of all 64 chips stores template 1, c t c.. .). ‘1’hc[cfolc,  the 64 final ~Llllcll~  ~lltp~lls  l-cprcscnt  the inner
pioducls ofll)(! 6dx6d input anay and tile 64 available tctnpla[es.

1 I.-N cmv~=l)A NN-h~)yI:(m~J:

I/or the mmcnt  prcjcct,  the IR focal plain ad 3-I)NCM arc rcmvcd ad rcplacccf  by a shglc chip that lies
cm top of tlw cube. “1’his approach is called “3-I) ANN-M”. ‘1’hc arj iving, ima:,c is no lor~p,cr from an 11<  fc)cal plain+
but it is rather from a 256x256 di~,ital  image which is prefiltcrcd  and stored in a rnclmy block (l;i~,rm  2).

in order to exploit the full capability and ccm~putatiorlal  lmwcr of the 3-l)NI’M cube, the input chip, ctillcd
the ‘( Cohmm 1.oading  ]tlput  Chip (Cl ,]C:)” must p]oviclc a 64x64 arlay of 8-bit analog inptrls in every 250 ns tinlc
flarnc [2].

Ar~ irumcdiate  applicaticm of the Cl .1(Y3-I)NI’M  systcm  is know as tbc “Vig,ilarltc”  project, the details of
which atc not clisctlsscd  ia this paper. I lowcvcr,  orlc of lllc lc.quirctm)ts  is to obtaitl a sub-window (64x64) from a
256x256 inmg,c and scncl  this sub-imap,c  to the 3-l)NI’M for fultllcr  J~roccssir~g  (I;ip,urc 2).
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I;igurc 2: Sut~-irnap,c sclcctior~. II) this fip,utc, a sub-ilna~,e (64x64) is clmw frolr~
Ihc 256x256 irnag,c. ‘1’hc sub-image is raslc]cd mm row down at a time (clircctior~
1), cmc coJumt~  right (in clircction  ?), and rtis(cicd or~c row up at a tiinc  (in
clitcction 3).

in this JJaJ~cr, \ve or~ly consider tllc  CJ ,IC chiJ) which rcccivcs  a dip,ital  sub-witdow  (64x64 byfcs) arid
convcr  IS it into an al~alog  voltage arlay. ‘1’hc sub-inla~,e is rastcrccl ill tl]c 0] igillal  illlap,c  o]lc columnhow  at a lirllc
withirl  ?50 ns, atld tllc  convulsion frcm IIW 1 )igital-to-Arlalog  (krlvcrlcr (l) AC) ariiiy  Icquircs lCSS than 1 SO r~s. II)
otbct words, cvc[y ?S0 ns, a \vl IoJe rlc.w colut))llhow  (64 bytes) is updatccl to IIIC sut)-itlla~,c,  Icss than 1 SOi M is
required for tile dip,ital to an ai]alog ccmvclsirm, al~d J 00 ns is available fo]  the 3-l)NI’M to CIO furtlwr in formatiml
})loccssitl~,.  Jn additiorl,  the sub-i tnag,c earl bc rastucci clo}vidup  or)e row at a tirllc  or r ip,ht MC row wi(lloul  Iosirl{: tllc
ovcrllcad  time for rcloadin~ the r~cw’ s(lb-imap,c. l:urtllmnorc, the Cl .IC has a 64x64 local volta~c oulput array
wllic.b is availal]lc on 4,096 Inctfi13  pads, 66x66 ~(11)> in siz.c. I\ac}l CCII size is 101 .6x 101.6 pJn2,  and ttlc cornplclc

dcsip,tl  is done irl a 0,8prn 111’ Ch40S process.

II) l’ig,utc 2, a 64x64-byte sub-irna~,e  is Ioadcd florn tllc orip,ir]al (256x256) ima~,e  itl the clip,ital dorl~ain.
“1’here alc scvctal ilnportan( fcatmcs to tlw C: I .IC:
● the ovclllcad time, which is required to f[ll in the first 64x64-byte arlay in di~ital for]n, is ig,norcd
● CVCI y columrl/row  (64 byks  infolmatirm)  rc.quilts 250 rls to cornJ)lc.tcly  load up/dmvJI or right irlto the (tl ,IC

after tllc first fillc(J-ir~  64x64 artay.
● tllc  64 l)y[cs arc Ioadcd  ir~ row up/down, or in col[]nlr] rig$t (SCC fig,urc  2 with cx~]larlaliorl).



● tlm 4096 lJA(~ in the C1.IC provides fully palallcl  irllmts to 3-I JANN afkr 15~ rl~ sc[llitlg  time with  ~-bit
prccisim).

‘1’hc remaiair~g  10Ons is  used for  3-I)ANN to p r o c e s s  tllc irlforlmticm  bcft)re. lICW’ allalop,  w,irldow
iafor[naticm  is available frorrl the Cl ,lC,
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l’ig,urc 3: Archite.ctarc  of Cl ,IC inpot ch ip . ‘1’llis chip contaitls 64x64
MIJACS that can shift a w]mlc allay  right or ciowII/up.  ‘Ihc riplit mos[
cohmm cm the botkm row will bc shifkd out whctl shifl-ti~hl  or shift-
dow}  is sclcctcd, rmpcclivcly).  “1’llc Sl<Ah4 holds an 8-bit bylc for each
pixc] in the sub-irnag,e. “1’hc solid sqllarcs arc the allalo~, voltap,c oal[mts,

‘1’hc Cl ,IC alchitcclurc  that is shown  in l~ip,urc 3 corltairls:
1. A 64-bil  digital input wl~ic.b is rua with a 32-M}lz clock. to load 64 bytes  withirl  250 ns.
2. ‘1’llrec ir}dcpcltdcnt  contlols  aad non-overlapped sclc.c.t  liacs that enable  a column to shift

li~)llt.

1..Voltage
OLltpLrt

op or ctmw, or a row

3. ‘1’llr cc SC(S of 64-byte  shift rcgis(ws (shift+p, sl}ift-dowa,  and shift-right) which have 8.byte ]>ar~tllcl-it~/8-t,~c
parallel-oot so tlla( 64 bytes car) be co]nplctc]y  slliftcd  ill orlc of tllrcc  dircctior~s.

4. MI)ACS  artangcd in a 64x64 arlay. liach M1)AC has an 8-bit parallel-in/i>arallcl-out Sl<AM-SIlll’J’  and 8-bit
flllly parallel l)AC convc.rtcr. “1’hc 8-bit SRAM-SI  111”1’ can lmld 8-bit inforll~atioa  like a rmrinal SKAM,  and it
also is able. to trarlsfcr 8-bit ir~ftmnatioa as all 8-bit J)alallcl irdparallc] out shin register (sec. the clcsip,n  section).



1 IAC  rwxivcs  in paralicl the 8-bit COIIIplCIIICIII:iI  y data to convcvt it itlto arl analog, volta~,e with a tcfcrcacc
volta:,c of 3.5 V.

l;.F,., the Ma with all bils ON will SCI all bits ol:l~ iii the l)AC ill which case the vollag,c  oulpal ~cmains at 3.5 volts,

ald vim wsa.

a)~S_I{AM-SIllll’  dcsi~ll:. —

SRAM-SI  ll};”l’ (SW ligutc 4) is required to hold 8 bils in an SRAM  and bc able to Shift-in  or Shifi-om  irl a
fully paralkl fashion. l’his design cal] bc done. as a ~mual latch; however, the space constraint for  a small sired cell
(101 .6x1 01.6 Iln}z) could not bc achicwcd  usin~, a norinal latctl apjwoach.

I

h

VI)IJ

1(} I
datal

I
‘1

multi  plcxitlg data ]Iorlnal SRAM ptcscr  vcd data dut illp,
ctata tlansfcr

lrigurc  4: Sl{Ah4-Slll}~’l’  cell. 111 this fig,ure, the SRAM-SIIII;’l’  ccmtail)s thlec
blocks: maltip]cxinq, data, SRAM, and IMCSC1 WI data fol tlarlsfcn  irl~, withoat
any clistm [ion.

‘1’hc Sl{AM-Sllll:’l’ cicsip,n is cxl)laillcci as fbllows:
● “i’hc I]luitip]cxil)g  clata block allows us to select a SOUFCC of (iata to USC, which can 1X flo]tl the previous OLIIIJUI

from tlw itmncdiatc up~~cr cell / 10WCI CCII,  01 f{om tl)c. CCII to tl~c ilnnmiiatc  lcfi. All tim c.ontrc)l select lines aic
commm  for the whole c.ili~),  but  IIIC inpu[ (in. r. do, irl- I UIJ, anti irl. c- ri are Iocaliy conacckd)

● ‘i’hc. Sl{Ah4 is a mmnal SRAM.  ‘1’hc Id sip,nal(scc  l’ip,urc 5) ON enables WI itirlp, to the SRAM cells, atlcl O1;l;
holds the data, whatcwr  is w ittcn. Ihriag,  ihc wlitirlg,  pllaw,  the ptcviom  data d(l(oh is ticstroycd.  ‘1’hcrcforc,  a
p~ CSCI vcd data block is intmduccci to pl csct vcd data da(cf

● ‘1’hc p]mcl  vcd data block is isolated wllct) the /d sip,t}al is ON and car) complc~ciy traasftr  tile preserved clata to
tllc rmxt ccl] without  any distortion to that cell.

“1’l]c colllbinatiorl  of IIICSC three blocks  will provide us wi[ll a robust dcsig,n to hoid arid shift dtita witllia tile givcrl
space comtlaillt  c) ftllc 3-l) ANN  dcsi~,n.

b)J)AC convcttcr:

‘1’ilc clata is stored it] a SJ{AM-SI IIi:’l’ ccl]. ‘1’hc ((~rtl~)lcr~lc[ltary (iala is used to convert tim analog, voilap,c.
‘i’hc convclsicm is performed as foliows:
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l;i.gurc 4: l)A~ converter. In this fig,ulc., tllc  ccl]ll]>lelllclltary cli~,ital oLlt]mt  (1) ’i)
i s  mnvel-tcd  into cLIncIll, thci) convcrlcd to  analop, volta~,c t}woLtgh a 10KQ
resistor. 11.g., WhcIl the digi[al  value is mm,  all bits ill the I)A(I arc ‘{ON”, and
t]lC OLltJ)Llt VO]ta~C iS IILIIICC]  dO\V1l tO ?.f V.

‘1’iw ~,lobal CLiJ-i  cnts 10 a n d  ] 6 10  ale irljcctcci flotl~ m]tsidc of l]IC c]lip so  t}lfit matchitlg tmlw’ec.rl t}lcm is w’c]l-
coIIIIollcd.  A 10KC> ]esis(or is pl-ovided fol eaclL MI)A(~,  obtaillcd  tlItoup,t~ the ~csistancc  of all Nw’c]l. When all ttlc
data bits aft’ ON, tile second tcxm OH tlIc I ip,ilt side of ccluation  (1) is mIo,  tlIc voitag.e outpt is 3.5 V, data bits alc
c)lI, aild 25s urli[s of culjcllt source ]0 atc dt-awn f[om 3.5 V to ]cwcr tlIc voltap,c IWCI to the desired value (nomitlal
?.5 V). l]ccausc  the convcrsi(m is done locally, the patasitic capacitance. is stl~all,  at]d the speed obtaillc(i  is very fast
( 1s01,s).
l\7~illltllati(Jl!~@l&

III this simLllatiorl, tl)cre are two critical aspects: settlill~, tituc and lirwarity  of the 8-bit I)A~:
o) Sdtlitlg  tit)le qfIjA (1:
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l;i~,arc S: (;ollvclsion  tifllc Ofttlc  ])AC;. AIKIal 150 IN arc rcqaitcd  to COHVCI(  tlIC

ciip,ital valac.  to tl}c, cmtput analo:, VC)]tap,C  will) S-bit pl ccisic~l~.
in fig,wc 5, lhc sinmlalio]l  shows that the scttlinp,  time for lJA(: is 150 IIS aficl the data k shificd to (k Sf<AM-
Sll[l’’’l’.

1)/1 -1/iMwi[)J  r!fI~AC:
l;ip,Lm 9 shows the IX simulation rcwtts  when each hi[ is tarncd on onc at a time to obtain all the conlbinations of
tl~;. possible 8-bit lcwls:
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8-bit DAC
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#/lc!vcls

ligate 6: tl-bit  I)igital to Analog, ~onverlci  (8-bit  I)A~). ‘1’hc x-axis rc.presents
8-t}it ciip,itai vaiucs and tiic  y-axis rcplcscnts  tiw cmti>ut  anaiog voitar,cs.

V AIjplic~!ion:

IOJ s])atio-tctnpo]al c.lassifrcaiion problclnsj 3-I) ANN-M is cicsip,ncci  to search for IIIC prc>clcfitlcci objects ill
a fail 256x256 image.. Y is a 64x64 input image \vlticll  is (irawfi and ~astmd  fol the cntifc or igirl ai image to classifj
the objccls in that in~:i~,c.
1,CI Y bc a llo~lnaiiml inpot image (64x64 injmt array) to tile 3-l)Nl’hf, which earl bc vicwcci as a 4096X 1 vector in
onc dimension for convenient f(mlllaialion.  ’11 . . . ‘1’64 arc the norlllaiizcd,  identified tcmpiates which arc s[orcd in
cacl] platlaf’ coiumn at lay of~-1 )NI’M, an(i ‘1’1 . . .’l’(,.l ale aiso viewed as 4096X i vcctots.
l~vct y 25011s, ti)c computation of the 3-1 )NI’M wiil ])rovi(ic  64 ctIItcIIt  oati)uts as cicscribcci below:

7i7’(l~4096)-

()(64xI) z . Y(40961”i)  ~

7(, (ix4096)

Cos(o, )

COS((764  ),

(2)



\\ ’ill) ~ tllC  atl~,lc bCtW(Xll (Y,’1’i)

With  the combination of the 0 ,1~ cl]ip and tbe 3-I)NI’M c.ubc, we have a Dew’ machillc Wbict) is capable of smcral
approaches to scdvinp. spatio-tmporal  c]assificatiot~ IJroblc.ms  in real time. I;or ttlc tilnc  bcifl:,, two approacbcs  are
bciig usrxl:
1.

2.

ln tllc  firs( approach (the s[rai~,htforwarct  approach), tbc 3-IJNI’M  cube contains 64 scarchcd  tmplatcs. }iacb
tmplatc is a 64x64 pixel anay stored pcrl)cndict]larly  to ttm chips acxoss tbc columns e.g,., cacb column j of
cacll chip will belong to template j (SCC }Fip,urc  2). l!] ccluation  (2), tllc inner product bctwccn a 64x64 sllb-irnaf:c
Y and 64 templates ‘l’l-’l’si  can bc dcm withit)  ?501)s  and a 64-irqmt Wimlcr-”1’akc-All  chip will ciclcrminc  the
best match bctwccn tllc input sub-itnag,c  Y and tbe tcmplalc for classification. A rcclLlircmcnt  fo~ this approach
is to bavc Y at~d ‘1’s’  tmlnali~.cd. “1’bc sub-ima~.c Y is ras(ucd O]IC cohmmkow’  at a time to look for tbc best
match tlllough  the who]c 256x256 image arlay. Finally  the best match bctwccrl tbc sub-imag,c and the Ielnl)latc
is again evaluated by their overlapping lCVCI to clctcrminc ttlc confidcr~ce  dccisior~. l’hc ccnmlusiorl  is drawn
based upon this col)fidcnt  lCVCI wbctbcr the object is idcntiticd  or not.
la tlm second at>twc~ach,  tllc tcmplaks  1’,--1’~~ arc cixcll  vectors of tbc scare.bcd targ,cts which arc mainly obtaimd. .
IIlr’ough tllc  principle c.ompotlcnts  app[ oacb[~]. ‘1’bc 64-outlnlts of the irmc[ products bclwrccr~  Y ar~d “1’1-’1’61 arc.
fcd to a rnulti-]ayc~ pc~ccpt[or]  lcaming network [4] for classifying the objects. ‘1’bc results obtained in software
simulations for cLment  objects arc optimistic so fm[~].

VI {knclusion:-—.—. ——..—. .

lrl this papct, wc clcmonstratccl  that in SI’l~li, tbc cl ,1~ has the capabilities to c)vcrl  iclc tbc bot[lcncck of tbc 64x64
input arlay ir~ which 3-l)N1’M  caa bc cxp]oitcd  at the fllll speed of the most powcrfLll  processors. With tllc
combination of ~1 .l~ arid 3-I)NPM  cube, the spcccl of such nlacbitms car) be available to solve spat io-tcmpor-al
problclm in I cal tilnc.
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